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Blue Thermoluminescence Emission Of Annealed Lithium Rich Aluminosilicates
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The blue thermoluminescence (TL) emission of different thermally annealed (i) β-eucryptite (LiAlSiO4),
(ii) virgilite-petalite (LiAlSi5O12) and (iii) virgilite-petalite-bikitaite (LiAlSi10O22) mixed crystals have been
studied. The observed changes in the TL glow curves could be linked to simultaneous processes taking place
in the lithium aluminosilicate lattice structure (phase transitions, consecutive breaking linking of bonds, alkali
self-diffusion, redox reactions, etc). The stability of the TL signal after four months of storage performed at RT
under red light, shows big differences between annealed (12 hours at 1200oC) and non-annealed samples. The
fading process in non-annealed samples can be fitted to a first-order decay mathematical expression; however
preheated samples could not be reasonably fitted due to the highly dispersion detected. The changes observed in
the X-ray diffractograms are in the intensity of the peaks that denote modifications in the degree of crystallinity
and, in addition, there are some differences in the appeareance of new peaks that could suppose new phases (e.g.
β-spodumene).
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1. INTRODUCTION

The thermal stability of the phases of the LAS (LiO2−
Al2O3−SiO2) system has led these materials to be employed
in different applications (i.e. turbine engine heat exchangers,
mirror substrates for telescopes, cookware, etc.)[1]. How-
ever, the optical properties in general and the luminescence
emission in particular of different members of LAS series
have been scarcely investigated. These materials are phos-
phors with many different chemical compositions that could
be potentially used to measure the radiation absorbed dose
based on the TL emission. The ionising radiation absorbed
by the phosphor at room temperature gives rise to freed elec-
trons that become trapped in the lattice defects of the material
(point defects, vacancies, Schottky defects, Frenkel defects,
dislocations, planar defects, etc.) It is accepted that in this
process such electrons will be trapped for long periods while
the material is stored at room temperature. When the tem-
perature is increased, the electrons can release from the traps
and in a recombination process they reach more stable en-
ergies with emission of photons [2,3]. What is required for
a suitable TLD material, among others, is: (i) high TL in-
tensity, (ii) high stability of the TL signal during the storage
of the material (i.e. low fading), (iii) high linearity of the
TL emission with the dose in the range of interest, (iv) the
trap distribution must be as simple as possible, (v) the TL
emission must be in the range of UV-IR and (vi) the material
must be thermally and chemically stable. Some of the fea-
tures of the blue emission of these LAS materials have been
previously analysed in our laboratory to determine their po-
tential use as dosemeters [4-7], however there are no studies
on the effect of strong thermal annealing on the blue emis-
sion of such materials. This paper is basically focused on
the study of the stability of the blue TL signal (at 400nm) of
some annealed and non-annealed members of the LAS sys-
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tem (LiAlSiO4, LiAlSi5O12 and LiAlSi10O22) with the time
of storage at room temperature (RT), up to four months. The
decay of the TL signal, or fading, could be defined as the
spontaneous loss of signal of the previously irradiated ma-
terial with the time that is mainly caused by thermal effect
and relaxation of the lattice after receiving the ionising ra-
diation. Thus, in the thermal fading process, the electrons
hosted in lower trap energy will fade faster than the more
energetic ones caused by their higher probability of transi-
tion. The awareness of the evolution of the fading effect is of
great interest as a starting point to determine the dosimetric
possibilities of these materials.

2. MATERIALS AND METHODS

Lithium-aluminium stuffed derivatives of silica poly-
morphs, β-eucryptite (LiAlSiO4), virgilite-petalite
(LiAlSi5O12) and virgilite-petalite-bikitaite (LiAlSi10O22)
mixed crystals, were synthesised using Hamilton and
Henderson’s gelling method [8]. The elements (Li,Al,Si)
were introduced from precursor powders, in three steps:
i) Lithium from Li2CO3, ii) Silica as TEOS which is
tetraethylorthosilicate (Si(C2H5O4) and iii) Aluminium
as crystals of Al(NO3)3 · 9H2O. Al and Li cations were
added in stoichiometric proportions to preserve the electrical
neutrality of the quartz lattice (Al3+ + Li+ = Si4+). The
structural data of the samples were measured by a Siemens
D-5000 X-ray automated diffractometer (XRD) using the
CuKα radiation with a Ni filter at a setting of 40kV and
200mA. Patterns were obtained by step scanning from 2o

to 64o2θ in steps of 0.020o counting time of 6 s per step.
The resultant XRD profiles of the powdered lithium alumi-
nosilicate samples were studied by XPOWDER software
performing background subtraction, Kα2 stripping and
chemical elements restrained to Al−Si−Li [9].

Thermoluminescence (TL) measurements were carried
out using an automated Ris∅ TL system model TL DA-12
[10]. This reader is provided with an EMI 9635 QA photo-
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multiplier and the emission was observed through a blue fil-
ter (a FIB002 of the Melles-Griot Company) where the wave-
length is peaked at 320-480 nm; FWHM is 80 ± 16 nm and
peak transmittance (minimum) is 60%. It is also provided
with a 90Sr/90Y source with a dose rate of 0.020 Gy s−1 cali-
brated against a 60Co photon source in a secondary standards
laboratory [11]. All the TL measurements were performed
using a linear heating rate of 5◦C · s−1 from RT up to 550◦C
in a N2 atmosphere. Four aliquots of 5.0±0.1 mg each of
LiAlSiO4, LiAlSi5O12 and LiAlSi10O22 were used for each
measurement. The samples were carefully powdered with
an agate pestle and mortar to avoid triboluminescence [12]
and sieved to obtain a grain size fraction under 50 µm. The
incandescent background was subtracted from the TL data.
Sample processing and measurements were made under red
light to avoid the release of the trapped electrons from the
semistable sites into hole centres (including luminescence
centres) due to light sensitivity. The samples were preheated
at 1200oC for 12h in a programmable temperature controlled
tubular oven with quartz chamber in open air. The heating
rate to reach 1200oC was 100oC ·min−1, and the annealed
samples were cooled to RT at 4oC/min.

3. RESULTS AND DISCUSSION

3.1. XRD characterization

Figure 1 displays the powder XRD patterns of the three
non-annealed (left-hand column) and annealed 1200oC for
12h (right-hand column) stuffed derivatives of LiAlSiO4,
LiAlSi5O12 and LiAlSi10O22. The strength of the thermal
treatment induces (i) the creation of glassy phases that af-
fects to the X-ray diffraction peaks giving rise to smaller in-
tensities that supposes a lower degree of crystallinity and (ii)
the appeareance of new maxima that suppose the presence
of new phases such as β-spodumene since is a typical phase
appearing when β-eucryptite is heated at temperatures over
1000oC [13]. In fact, the initial settings focus the Boolean
search-matching on the ICDD-PDF2 and RRUFF databases
suggest the following card files: (i) LiAlSiO4 showing 21-
503 card (petalite) and cards 17-0533, 15-27 and 12-451
(β-eucryptite) (Fig 1a); (ii) LiAlSi5O12 being mixtures of
cards 31-707 (virgilite) and 21-503 (petalite) (Fig 1c) and
(iii) LiAlSi10O22 being also mixtures of cards 31-707 (vir-
gilite) and 21-503 (petalite) and additional minor amount of
Card 75-755 (bikitaite) (Fig 1e). Conversely, these aliquots
LiAlSiO4, LiAlSi5O12, and LiAlSi10O22 after the annealing
at 1200oC for 12h match with card 21-503 (β-spodumene;
Li2O ·Al2O3.4SiO2) (Fig 1b, d and e). We could also observe
as these high temperature aliquots, under RT conditions, al-
ter to zeolite bikitaite (Li2Al2Si4O12.2H2O) by environmen-
tal hydration mechanisms.

3.2. Thermoluminescence emission

The TL glow curves of the three different 5Gy beta ir-
radiated Li-rich aluminosilicates (LiAlSiO4, LiAlSi5O12 and
LiAlSi10O22) are displayed in figure 2 (left-hand plots cor-

FIG. 1: X-ray diffraction patterns from the synthetic (a,c and e)
non-annealed lithium-rich aluminosilicates and (b, d and f) 12h at
1200oC thermally annealed samples.

respond to non annealed samples and right-hand plots be-
long to 1200oC for 12 hours annealed material). All of the
analysed Li-rich aluminosilicates (LiAlSiO4, LiAlSi5O12 and
LiAlSi10O22), regardless of the thermal pre-treatment pro-
vided, are sensitive to radiation. However, one can observe
important differences in intensity, shape and peak positions
in the glow curves.

FIG. 2: TL glow curves of 5Gy irradiated synthetic (a,c,e) non-
annealed and (b, d and f) 12h at 1200oC thermally annealed lithium-
rich aluminosilicates.

Clearly, the effect of a strong thermal treatment gives rise
to an increase in the intensity of the TL signal when the tem-
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perature increases. According to Martini et al. [14], the
electron-hole mechanisms explain the large UV-blue lumi-
nescence emissions (380nm) from quartz-like structure ma-
terials. Prolonged high-temperature annealing of these com-
pounds reduces the presence of ionic charge compensators
(H+,Na+,K+) and sensitises the structure that increases its
blue emissions during luminescence processes after irradia-
tion (α, β, γ, UV , X−radiation, electron beam). It supposes
that the electron-hole recombination is higher in thermal pre-
treatment samples than in non thermal pre-annealed ones.
The Al3+ ion is substituting Si4+ and for local charge com-
pensation, a positive charge is needed (a trapped hole, h+).

The more probable sequence of the process could be de-
scribed as follows. Due to the exposure to beta radiation, the
electrons are released from the oxygen atoms closed to the
aluminum giving rise to electro-hole pairs. It should gen-
erate [AlO4/h+] centers that deliver alkali (Li+) to diffuse
away in the lattice. The alkali should join to an electron (e)
to become neutral in the crystal network. Both the increase
of the temperature that induces the migration of the electron-
hole pairs and, on the other hand, [AlO4/h+] centers com-
bined with electrons are the origin of the [AlO4]o centers. At
the same time, these centers can be linked to Li or electron-
holes producing [AlO4/Li+] and [AlO4/h+] centers respec-
tively. The production-annihilation of luminescent [AlO4]o
centers could be analysed in terms of ionic self-diffusion.
In this case, the combination of the thermal annealing and
the subsequent beta irradiation should increase the ionicity
of the Si-O bonds modifying the ground state where each Si
atom has four valence electrons and each O atom six valence
electrons, implying that O states would exceed in number Si
states by 3:1 considering atoms widely separated. The result-
ing centers are [AlO4/Li+], [AlO4/h+] and [AlO4]o that are
coupled during the thermal self-diffusion processes through
the bulk and interfaces. According to Itoh et al [15], the UV-
blue emission could be attributed to [AlO4/h+], (the transi-
tions performed at 365 and 475 nm), and [AlO4]− centers
(the 380 nm emission).

The variation in the shape and peak positions of the TL
signal could be mainly a consequence of the strong ther-
mal annealing given to the samples. During the anneal-
ing treatment there are different processes that simultane-
ously can occur in the material, (i) reversible phase transition
from beta-quartz structure (hexagonal symmetry) to keatite
(tetragonal symmetry) [1] or phase transformations [13]; (ii)
consecutive breaking linking of bonds where thermal pre-
heating reduces the adsorbed water content and the hydroxyl
groups, ≡ Si−OH + HO− Si ≡→≡ Si−O− Si ≡ +H2O
[16]; (iii) alkali self-diffusion through the void channels in
the aluminosilicate lattice [17] and (iv) redox reactions of
the sort: Al−O2−−Al → Al−O−−Al + e− and the free
electrons can be captured by [SiO3]2+ producing [SiO3]+(E ′1-
like center). So [SiO3]+ + e−→ [SiO3]o [18]. One can dis-
tinguish this TL changes that are in agreement with the ob-
served modifications in the X-ray diffractograms that show
variations in the structure of the patterns.

Both annealed and non-annealed samples exhibit a basic
common structure with an intense emission at 90oC except
the annealed β-eucryptite with a very low intensity signal.
The group of components that produce this peak has been

FIG. 3: Stability of the TL signal of 5Gy beta irradiated samples
over 120 days stored at RT under red light.

also detected in the TL glow curves obtained for different ir-
radiated natural quartzes [19] and aluminosilicates (e.g. mi-
crocline, a K-rich feldspar [20]), so it could be intrinsically
associated with the Si-O bonds in the lattice, regardless of the
type and concentration of impurities and the lattice structure.
Non-annealed samples (Fig 2a, 2c and 2e) show slight dif-
ferences depending on the dopant concentration. The lowest
Li-Al concentration sample displays three maxima peaked at
90oC, 130oC and 200oC (Fig 2e). When the dopant level is
increased (LiAlSi5O12), the intensity of the 90oC TL emis-
sion decreases (more than twice) and the peaks at 130oC and
200oC change not only the shapes but also they move their
positions. Thus, in Fig 2a and 2c the 130oC peak is not
so easily detectable and the 200oC peak is shifted to about
240oC (Fig 2c) and cannot be detectable for the LiAlSiO4
(Fig 2a). The intensity of the 130oC peak in β-eucryptite
appears with ratios of 7:2 respect to LiAlSi10O22 and 3:2 re-
spect to virgilite-petalite crystals. However, the peculiarity
of the β-eucryptite lies in the appeareance of a wide max-
imum peaked at 350oC, in a position corresponding to the
’empty’ zone of the others samples (Fig 2a). The changes in
the TL intensity indicate that the Li-Al dopants act as TL in-
hibitors giving rise non-radiative [AlO4/Li+] centers that are
able to compete with the holes hosted in luminescent centers.
The higher is the Li-Al dopant content, the lower is the in-
tensity of the TL glow curves in non-annealed samples. The
shift of the 200oC maxima toward higher temperatures indi-
cates that higher dopant leveles suppose progressive creation
of deeper energy traps which need to be emptied at higher
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temperatures.
Thermal annealing on the LAS species induces drastic

changes in the shape of the TL emission of 5Gy irradiated β-
eucryptite (Fig 2b) and virgilite-petalite (Fig 2d) crystals, but
is scarcely significant for LiAlSi10O22 (Fig 2f), when com-
pared to non-annealed samples. The almost negligible dif-
ferences observed in Fig 2f respect to Fig 2e are related to:
(i) the intensity of the 90oC TL emission (ratio of 4:7 respect
to the non-annealed LiAlSi10O22), (ii) the slight shift (about
10oC) of the second maximum that is peaked at 140oC and
(iii) the non-detected group of components over 200oC for
annealed samples and 300oC in non-annealed ones.

TL curves in Figs 2b and 2d share, among them, the dif-
ferent behaviour when compared respectively to the non-
annealed LiAlSiO4 and LiAlSi10O22. Both exhibit a very
complex TL structure with not well-defined group of com-
ponents. One can guess two peaks at 90oC and 140oC that
are in common with the non-annealed samples, but the in-
tensities are quite different. In fact, these are not the main
(i.e. the more intense) maxima in the curve. This role cor-
responds to the group of components appearing over 200oC
that are almost negligible in non annealed samples. Clearly
the appeareance of this signal is directly linked to the strong
thermal treatment; and it is obvious that higher concentra-
tion of dopants induces an increase in the thermal sensitiv-
ity probably associated with alkali self-diffusion processes,
phase transformations and generation of glassy phases. The
presence of glassy materials affects to the TL curve shape
giving rise to emission with not well-defined maxima. The
sample with lower levels of Li and Al (LiAlSi10O22 with
quartz structure) exhibits a higher strength in the stability of
the lattice structure when applied severe thermal treatments.

3.3. Fading effect

Laboratory driven thermoluminescence tests were
performed on non-annealed and preannealed LiAlSiO4,
LiAlSi5O12 and LiAlSi10O22, up to 12000C for 12h to check
the temporal evolution of the TL blue signal after 5Gy of
beta irradiation. Assuming that the TL sensitivity of the
aliquots could be affected by white light, all the samples
were stored under red light at RT to prevent trapped electron
releasing from semi-stable sites into hole centres, including
luminescence centres. Measurements were made after
increasing the storage periods of time (up to 120 days) using
four replicates each. The calculation of each point was
calibrated individually for each aliquot, referring the direct
delayed measurement (area of the glow curve in a range of
50o− 500oC) to a 5Gy induced prompt TL glow curve, in
the same range of temperature, avoiding the influence of the
weight factor. The uncertainties (1σ) display the precision
of the mean value (MV) of the luminescence response
(counts in arbitrary units) corresponding to the group of four
aliquots.

As shown in Figure 3 (left-hand plots corresponding to
non-annealed Li-rich aluminosilicates), the temporal evolu-
tion of the TL emission of this material is close to other ma-
terials previously studied [20] starting with an initial rapid
decay (ca. 75-80%) and maintaining stability from about 30

days onwards. The TL signal behaviour is associated with
the probability of electron release from the shallower traps
that occurs very fast at RT. About three-four weeks later, the
electron population decreases asymptotically by the X-axis
and the involved electrons are located in deeper traps; con-
sequently more energy is needed to leave their positions at
RT. The number of trapped electrons depends on the time
that the pre-annealed lithium aluminosilicate lattice needs to
reach up the stabilisation after receiving the beta irradiation
treatment. That is to say, the time necessary for the recom-
bination of all the electrons that are released in the material
from the Al−O2−Al centres. As aforementioned, one can
consider that these electrons are captured by [SiO3]2+ giving
rise to [SiO3]+(E ′1-like centre) [18].

This physical process, observed in non-annealed samples,
can be fitted to a first order decay equation of the form
y = y0 + Aexp(−x/t) where: y corresponds to the relative
intensity of the TL signal, x is the elapsed time after irradia-
tion process and y0, A and t are coefficients of the equation.
An acceptable value of the regression coefficients of fitting
(never lower than r = 0.87) was obtained. Although a non-
exponential decay for first order kinetics may be expected as
a consequence of the energy distribution of trapped charges
[3], the results at room temperature can be well-fitted by a
single exponential component. This is not surprising because
at this temperature only the lowest energy traps of the expo-
nential distribution is involved and they can be effectively
considered as a single discrete trap at energy E0. On the
contrary, the evolution of the TL signals of annealed sam-
ples with the elapsed time shows an important scattering be-
ing impossible the fitting to an exponential decay (right-hand
plots of Fig 3).

4. CONCLUSIONS

Thermoluminescence emission of different members
of LAS (LiO2 − Al2O3 − SiO2) series (i) β-eucryptite
(LiAlSiO4), (ii) virgilite-petalite (LiAlSi5O12) and (iii)
virgilite-petalite-bikitaite (LiAlSi10O22) have been scarcely
investigated. The observed variation in the blue TL glow
curves of different beta irradiated LiAlSiO4, LiAlSi5O12
and LiAlSi10O22 after a strong thermal annealing treatments
could be linked to: (i) reversible phase transitions, (ii) con-
secutive breaking linking of bonds, (iii) alkali self-diffusion
through the void channels in the aluminosilicate lattice
and/or (iv) redox reactions. The stability of the TL signal
after four months of storage performed at RT under red light,
shows noteworthy differences between annealed (12 hours at
1200oC) and non-annealed samples. Just like to other phos-
phors, the fading process in non-annealed samples can be fit-
ted to a first-order decay mathematical expression; however
preheated samples could not be reasonably fitted due to the
high scattering detected. The more significant changes ob-
served in the X-ray diffractograms are in the intensity of the
peaks that denote modifications in the degree of crystallinity
and in the appeareance of new peaks that denotes new phases
as a consequence of the thermal annealing treatment. De-
spite the obtained results do not confirm the utility of these
Li-rich aluminosilicates in accidental dosimetry, it could be
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considered as a good starting point for its potential use in this
field. These materials exhibit similar luminescence proper-
ties to other alkali-rich aluminosilicates employed for dosi-
metric purposes, since display (i) an acceptable sensitivity to
radiation, (ii) UV-blue TL emission, and (iii) a reasonable
stability of TL signal (low fading) after 120 days of storage
for non-annealed samples. Nevertheless, further works are
necessary to to complete the dosimetric characterization of
these materials.
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